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Abstract
The KK¯∗ interaction Lagrangian is constructed when the SU(3) hidden gauge symmetry is
taken into account, and then the KK¯∗ potential is obtained. In the low energy region, the KK¯∗
potential mainly comes from the contribution of the t−channel interaction by exchanging ρ,ω
and ϕ mesons, respectively. The KK¯∗ amplitude is investigated by solving the Bethe-Salpeter
equation in the unitary coupled-channel approximation, where the loop function of the vector and
pseudoscalar mesons are evaluated in the dimensional regularization scheme, and the contribution
of the longitudinal part of the intermediate vector meson propagator is included in the calculation.
Finally, it is found that a resonance state of KK¯∗ is generated in the isospin I = 0 sector, which
might correspond to the f1(1420) particle in the review of the particle data group(PDG). Moreover,
in the isospin I = 1 sector, a pole of the KK¯∗ amplitude is detected at 1425 − i316MeV on the
complex plane of the total energy in the center of mass system, which is higher than the KK¯∗
threshold. Thus this pole might be a resonance state of KK¯∗ although no counterpart has been
found in the PDG review.
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I. INTRODUCTION
Quantum Chromodynamics(QCD) is considered to be the fundamental theory to describe
strong interactions. In the high energy region, the results obtained with QCD are in good
agreement with the experimental data because of the asymptotic freedom. However, the
strong coupling constant increases rapidly when the energy becomes lower, and the method
of the perturbation expansion will not be applied, so other methods are developed to deal
with the non-perturbative QCD effect, such as Lattice QCD theory, QCD sum rules, the
constituent quark model, and the chiral unitary method.
In the chiral unitary method, the Bethe-Salpeter equation is solved while the unitarity
of the amplitude is reserved. Thus the resonance state of the interacting hadrons could be
generated dynamically. In the low energy region, it has achieved great success in the study
of the interaction of hadrons[1–3].
The vector meson component can be introduced in the interaction Lagrangian when
the hidden gauge symmetry is taken into account[4–7]. Along this clue, the pseudoscalar
meson and vector meson interaction[8], the vector meson and vector meson interaction[9,
10],the vector meson and baryon octet interaction[11, 12], and the vector meson and baryon
decuplet interaction in the SU(3) flavor space are studied in the unitary coupled-channel
approximation[13, 14].
In the present work, the KK¯∗ interaction will be evaluated in the SU(3) flavor space
when the hidden gauge symmetry is considered, and then we will examine whether the
resonance state with a ss¯ quark pairs can be generated dynamically by solving the Bethe-
Salpeter equation in the unitary coupled-channel approximation. The article is organized as
follows: In Section II, the KK¯∗ potential is constructed in the SU(3) flavor space when the
hidden gauge symmetry is taken into account. In Section III, the Bethe-Salpeter equation
is discussed in the case of the KK¯∗ interaction. Especially, the unitarity of the amplitude
is emphasized when the longitudinal part of the intermediate vector meson propagator is
included in the calculation. The results are given in Section IV, and it is summarized in
Section V.
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II. KK¯∗ POTENTIAL
According to the hidden gauge symmetry, the interaction Lagrangian of the vector meson
and the pseudoscalar meson can be written as
LV PP = −ig〈Vµ[P, ∂µP ]〉, (1)
where g = MV
2fpi
, fpi = 93MeV is the pion decay constant, MV is the mass of vector meson,
and
P =


1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− K¯0 − 2√
6
η

 , (2)
and
Vµ =


ω√
2
+ ρ
0√
2
ρ+ K∗+
ρ− ω√
2
− ρ0√
2
K∗0
K∗− K¯∗0 ϕ


µ
(3)
are the pseudoscalar meson matrix and the vector meson matrix in the SU(3) flavor space,
respectively[8].
The vector meson Lagrangian takes the form of
LV = −1
4
〈VµνV µν〉, (4)
where
Vµν = ∂µVν − ∂νVµ − ig[Vµ, Vν ]. (5)
According to Eqs. (4) and (5), the interaction Lagrangian of three vector mesons can be
written as
LV V V = ig〈(∂µVν − ∂νVµ)V µV ν〉. (6)
Thus the K¯∗K¯∗ρ, K¯∗K¯∗ω, and K¯∗K¯∗ϕ vertices can be obtained easily.
K¯∗ K¯∗ K¯∗
K¯∗K K K
K
ω, ρ, ϕ π, η
(a) (b)
FIG. 1: The interaction of K¯∗K → K¯∗K, (a) Vector meson exchange, (b) pi and η exchange.
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The KK¯∗ potential is composed of t− channel and u− channel interactions, as shown
in Fig. 1. For the t− channel interaction, there are three intermediate mesons exchanged,
i.e., ω, ρ and ϕ, respectively. In this work, we study the scattering of KK¯∗ in the low
energy region, so the momentum of the intermediate meson is ignored. From the Feynman
diagram in Fig.1(a), we can see that the t−channel interaction of KK¯∗ can be divided into
two parts, and the one is the vertex of K¯∗K¯∗ and a vector meson, and the other is the vertex
of K¯K and a vector meson. Therefore, we can calculate these two kinds of vertices and then
combine them together to obtain the t− channel potential of KK¯∗, which can be written as
Vij = Cij
1
f 2pi
(p1 + p2) · (k1 + k2)ε · ε∗
= V˜ijg
µνεµε
∗
ν, (7)
with
V˜ij = Cij
1
f 2pi
(p1 + p2) · (k1 + k2). (8)
In Eq. (7), the label i denotes the initial state and the label j stands for the final state,
p1(k1) and p2(k2) represent the initial and final momenta of the K¯
∗(K) meson, and ε and ε∗
are polarization vectors of the initial and final K¯∗ mesons, respectively. Since the values of
ρ, ω and ϕ meson masses are similar to each other, we assume that MV ≈ mρ ≈ mω ≈ mϕ,
then the coefficients Cij of the KK¯
∗ potential take the simple values as listed in Table I.
Cij K¯
∗0K0 K∗−K+ K∗+K− K∗0K¯0
K¯∗0K0 0.5 0.25 0 0
K∗−K+ 0.25 0.5 0 0
K∗+K− 0 0 0.5 0.25
K∗0K¯0 0 0 0.25 0.5
TABLE I: The coefficients Cij in the KK¯
∗ interaction, Cji = Cij .
If Mandelstam variables s = (p1 + k1)
2, t = (k2 − k1)2 and u = (p2 − k1)2 are adopted,
the kernel in Eq. (8) can be written as
V˜ij = Cij
1
f 2pi
(s− u)
= Cij
1
f 2pi
(
2s+ t− 2(M2K +M2K∗)
)
. (9)
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Around the KK¯∗ threshold, Mandelstam variable t = (k2 − k1)2 is assumed to be zero, so
Eq. (9) can be simplified as
V˜ij = Cij
2
f 2pi
(
s−M2K −M2K∗
)
. (10)
According to the interaction Lagrangian of the vector meson and the pseudoscalar meson
in Eq. (1), the u− channel potential of the KK¯∗ interaction via a pion or an η meson
exchange in Fig. 1b can be obtained as
Vαij = Dαijg
2(q − k1) · ε∗ 1
q2 −m2α
(q − k2) · ε
= 4Dαijg
2q · ε∗ 1
q2 −m2α
q · ε, (11)
where α represents π or η, Dαij is the interaction coefficient, q = p2 − k1 = p1 − k2 is the
momentum of the intermediate meson, p1 · ε = 0 and p2 · ε∗ = 0. The zero component of the
polarization vector of the K¯∗ meson is in inverse proportion to the K¯∗ meson mass, thus it
can be neglected, so we have
q · ε∗ ∼ |~q|, (12)
and
q · ε ∼ |~q|. (13)
If the three-momentum of the initial and final mesons is neglected, just as we have done in
this work and other works of ours, the u− channel potential of KK¯∗ is trivial. Therefore,
only the the t− channel potential of the KK¯∗ interaction is taken into account when the
Bethe-Salpeter equation is solved.
In addition to the KK¯∗ channel, there are other channels with strangeness zero, i.e., πρ,
πω, πϕ, ηρ, ηω, ηϕ. However, the πρ threshold is far lower than the energy region where we
are interested, and the elastic scattering amplitude of the other five channels are all zero.
Thus the influence of these six channels are neglected when the KK¯∗ interaction is studied
in this work.
III. THE BETHE-SALPETER EQUATION
The Bethe-Salpeter equation can be written as
T = V + V GV + V GV GV + ...
= V + V GT, (14)
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where T is the scattering amplitude, V is the interaction kernel, and G is the loop function,
which is a diagonal matrix. In the interaction of the pseudoscalar meson and the vector
meson, the loop diagram in the Bethe-Salpeter equation can be written as
Gl(s) = i
∫
d4q
(2π)4
−gµν + qµqνM2a
q2 −M2a + iε
1
(P − q)2 −M2b + iε
= −gµνGab(s)− g
µν
M2a
H00ab (s)−
P µP ν
M2a
H11ab (s), (15)
where Ma and Mb are masses of the vector meson and the pseudoscalar meson, respectively,
and P = p1 + k1 = p2 + k2 is the total momentum of the system. The term relevant to the
transverse part of the propagator of the intermediate vector meson is
Gab(s) = i
∫
d4q
(2π)4
1
q2 −M2a + iε
1
(P − q)2 −M2b + iε
, (16)
and the functions H00ab (s) and H
11
ab (s) correspond to the contribution of the longitudinal part
of the propagator of the intermediate vector meson,
gµνH00ab (s) + P
µP νH11ab (s) =
1
i
∫
d4q
(2π)4
qµqν
(q2 −M2a + iε)[(P − q)2 −M2b + iε]
. (17)
In the dimensional regularization scheme, the function Gab(s) takes the form of
Gab(s) = i
∫
d4q
(2π)4
1
q2 −M2a + iǫ
1
(P − q)2 −M2b + iǫ
=
1
16π2
{
al(µ) + ln
M2a
µ2
+
M2b −M2a + s
2s
ln
M2b
M2a
+
+
q¯l√
s
[
ln(s− (M2a −M2b ) + 2q¯l
√
s) + ln(s+ (M2a −M2b ) + 2q¯l
√
s) (18)
− ln(−s+ (M2a −M2b ) + 2q¯l
√
s)− ln(−s− (M2a −M2b ) + 2q¯l
√
s)
]}
,
with the square of the total energy of the system s = P 2 and the three-momentum of the
intermediate particles in the center of mass frame
q¯l =
√
s− (Ma +Mb)2
√
s− (Ma −Mb)2
2
√
s
. (19)
The forms of H00ab (s) and H
11
ab (s) can be found in the appendix part of Ref. [15, 16].
The loop function Gl(s) can be written as
Gl(s) = g
µνG˜l(s), (20)
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with
G˜l(s) = −
(
Gab(s) +
1
M2a
H00ab (s) +
s
4M2a
H11ab (s)
)
, (21)
approximately.
Replacing the potential in Eq. (7) and the loop function in Eq. (20) into the Bethe-
Salpeter equation, we obtain
T˜ gµν = V˜ gµν + V˜ gµα gαβG˜ V˜ g
βν + ..., (22)
and thus
T˜ = V˜ + V˜ G˜V˜ + ...
= [1− V˜ G˜]−1V˜ . (23)
The amplitude T˜ is unitary when the Bethe-Salpeter equation is solved.
In addition, if the effect of the K¯∗ decay width is taken into account in the calculation,
the loop function G˜l(s) must be replaced by
˜˜Gl(s) obtained as
˜˜Gl(s) =
1
N
∫ (Ma+2Γ)2
(Ma−2Γ)2
dm˜2
1
π
MaΓ
(m˜2 −M2a )2 +M2aΓ2
G˜l(s, m˜
2,M2b ), (24)
with
N =
∫ (Ma+2Γ)2
(Ma−2Γ)2
dm˜2
1
π
MaΓ
(m˜2 −M2a )2 +M2aΓ2
, (25)
where the K¯∗ decay width Γ = 50MeV for the process of K¯∗ → K¯π, and the equation
δ(m˜2 −M2a ) = lim
Γ→0+
1
π
MaΓ
(m˜2 −M2a )2 +M2aΓ2
(26)
is used.
IV. RESULTS
The KK¯∗ pair with isospin I = 0 takes the form of
|KK¯∗〉 = 1√
4
(|K¯0K∗0〉+ |K−K∗+〉 − |K0K¯∗0〉 − |K+K∗−〉), (27)
with K− = −|1/2,−1/2〉 and K∗− = −|1/2,−1/2〉, where the C-parity of the KK¯∗ pair is
assumed to be positive since CKC−1 = K† and CK∗C−1 = −K∗†.
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According to Eqs. (10) and (27), the kernel of the KK¯∗ interaction in the isospin I = 0
sector can be written as
V˜ I=0KK¯∗→KK¯∗ =
3
2
1
f 2pi
(s−M2K −M2K∗). (28)
Actually, since only non-strange vector mesons act as the intermediate particles in the t−
channel KK¯∗ interaction, the kernel in Eq. (28) is independent on the C-parity of the KK¯∗
pair according to the coefficients listed in Table I. Therefore, the Bethe-Salpeter equation
can be solved. Assuming the subtraction constant a = −2 and the regularization scale
µ = 600MeV, a pole of the squared amplitude |T |2 appears at 1394 − i83MeV on the
complex energy plane of
√
s, which is higher than the KK¯∗ threshold, and lies in the second
Riemann sheet. This pole can be regarded as a KK¯∗ resonance state, and it is more possible
to correspond to the f1(1420) particle in the review of the Particle Data Group[17], whose
mass and decay width are m = 1426.4 ± 0.9MeV and Γ = 54.9 ± 2.6MeV, respectively.
According to the formula to include the K¯∗ decay width in Ref. [11], we obtain a pole at
the position of 1394 − i75MeV on the complex energy plane, which is similar to the result
calculated with Eq. (24).
In the isospin I = 1 sector, the KK¯∗ wave function with the positive C-parity is con-
structed as
|KK¯∗〉 =
√
1
4
(|K¯0K∗0〉 − |K−K∗+〉 − |K0K¯∗0〉+ |K+K∗−〉). (29)
Similarly, the KK¯∗ kernel with isospin I = 1 can be written as
V˜ I=1KK¯∗→KK¯∗ =
1
2
1
f 2pi
(s−M2K −M2K∗). (30)
With the kernel in Eq. (30), a pole of the squared amplitude is generated at the position of
1425− i316MeV on the complex energy plane of √s. Since it is above the KK¯∗ threshold,
it can be regarded as a KK¯∗ resonance state with isospin I = 1 although its decay width is
too large and no counterpart is found in the PDG review. If the decay width of the K¯∗ is
taken into account with the formula in Ref. [11], the pole is detected at 1432− i330MeV on
the complex energy plane of
√
s, and the decay width of this resonance state is still large.
V. SUMMARY
The KK¯∗ interaction is discussed when the hidden gauge symmetry is taken into account,
and it is found that the t− channel potential via a non-strange vector meson exchange
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plays an important role in the KK¯∗ interaction. The Bethe-Salpeter equation is solved in
the isospin space, and the contribution of the longitudinal part of the propagator of the
intermediate vector meson is taken into account. In the isospin I = 0 sector, a resonance
state is generated at 1394− i83MeV on the complex energy plane, which is above the KK¯∗
threshold, and might correspond to the f1(1420) particle in the PDG review. In the isospin
I = 1 sector, a resonance state is generated at 1425 − i316MeV on the complex energy
plane. The decay width of this resonance is too large, and it implies that this resonance is
unstable. No counterpart is found in the PDG data. Moreover, the effect of the decay width
of the intermediate K¯∗ meson is included in the calculation with two kinds of formulas, and
it manifests that the results are similar to each other.
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